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Rock Mechanics Sectional Committee, CED 48 

FOREWORD 

This Indian Standard (Part 3) was adopted by the Bureau of Indian Standards, after the draft 
finalized by the Rock Mecllanics Sectional Committee had been approved by the Civil Engineering 
Division Council. 

This method is restricted to rocks whose behaviour is not significantly different from that of 
homogeneous perfectly elastic medium. 

Because of difficulties in obtaining satisfactory strain gauge bouding when the rock is wet, this 
method is usually impractical for holes in water-saturated ground drilled downward. 

The state of stress and pre-existing fracturing of the rock at the measurement locations should be 
such that it is possible to obtain relatively long ( approximately 2 to 3 times diameter of the 
overcore hole ) pieces of unbroken core. 

Several methods have been tried to arrive at a reliable means of measuring in situ stress. Each 
offers different advantage and disadvantages with respect to a particular application. Rock 
Mechanics Sectional Committee has covered following four methods ( in four parts ) which have got 
wide acceptance: 

Part 1 Using the hydraulic fracturing technique 

Part 2 Using a USBM type drillhole deformation gauge 

Part 3 Using a CSIR - or CSIRO - type cell with 9 or 12 strain gauges 

Part 4 IJsing a flat jack technique 

Technical Committee responsible for the formulation of this standard is given in Annex B. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance 
with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised )‘. The number of significant 
places retained in the rounded off value should be the same as that of the specified value in this 
standard. 
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Indian Standard 

DETERMINATION OF ROCK STRESS- 
CODE OF PRACTICE 

PART 3 USING A CSIR - OR CSIRO-TYPE CELL WITH 9 OR 12 STRAIN GAUGES 

1 SCOPE 

This standard (Part 3) covers the method of 
determinationof the stress tensor in rock by measuring 
the strains that occur in the walls of a drillhole when 
the stresses are relieved by overcoring. 

2 REFERENCES 

The Indian Standard IS 11358 : 1987 ‘Glossary of 
terms and symbols relating to rock mechanics’ is a 
necessary adjunct to this standard. 

3 TERMINOLOGY 

Forthe purpose of this standard the definitions givenin 
IS 11358 : 1987 shall apply. 

4 APPARATUS 

4.1 Drilling Equipment 

Drilling equipment shall include the following: 

a) A drill and NXC (86 mm dia) or larger core 
barrels and bits, to advance the drillhole to the 
required depth and location of measurement. 
When drilling from underground workings, the 

b) 

c) 

ROSETTE 2 (6=6<) 

1 
x ( ~~ORIZONTAL) 

drill may need to be fitted with exhaust control 
provisions (that is scrubbers, etc) and anti-spark 
provisions if the underground workings present 
a gas ignition hazard. 

Coring bits and centralizing guides, to 
allow drilling of a pilot hole (38 mm dia) into 
the end of the overcore hole and concentric with 
it. 

A ‘strain cell’ designed to glue a number of 
strain gauges onto the sidewall of the pilot hole. 
The strain cell should meet the following 
requirements: 

9 

ii) 

To avoid difficulties caused by the non- 
homogeneous, anisotropic nature of most rocks, 
the electric resistance straingauges should be 
glued as close together as possible so that 
only a small volume of rock is involved. 

The strain gauges should be mutually 
oriented in such a way that six 
independent strain measurements may be 
obtained (that is, using three standard strain 
gauge rosettes, each consisting of three or 
four gauges in an arrangement such as shown 
in Fig. 1 and 2). 

DRILL HOLE . .,.- 

FIG. 1 POSITION OF THE THREE ROSEITE! GAUGES 
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Frc;. 2 STRAIN GA~JIX COWKURAXON FOR EACII Rossrrs 
VIEWED IXOM AXIS OF DRILL HOLE 

This amngement of gauges yields an additional 
three to six strain measurements which may 
be used for cross-checking or for error 
estimation. 

iii) Each individual strain gauge should have a 
gauge length of at least 10 nun. 

4.2 Installation Equipment 

Drilling equipment shall include the following: 

a) An installing tool into which the strain cell (see 

b) 

C) 

Fig. 3) can be plugged to facilitate electrical 
connection of the various strain gauges to a 
multi-conductor cable and to hold the strain cell 
while it is inserted into the pilot hole. The 
installing tool should also contain a device for 
orienting the strain cell and another device (usually 
gas operated) for pushing the strain gauge rosettes 
out into contac2 with the sidewalls. The dimensions 
of the installing tool should be such that it can be 
easily pushed into the pilot hole. A sufficient 
number of installing rods and a length of electrical 
cable and gas supply hose should be included. 

Cleaning materials and tools to allow the pilot 
hole shall be dried (that is, by spraying with 
alcohol) and primed to give good bonding with 
the strain gauge adhesive. 

A plug to seal the pilot hole during overcoring. 

4.3 Measurement Equipment 

Measuring equipment shall include the following: 

a ) 

b) 

c) 

d) 

One or several strain bridges capable of measuring 
to the nearest 5 x 10’ mn/mm. 

Electrical connectors and switches that the strain 
on each gauge may be measured by a strain 
bridge. 

Temperature monitoring device (that is, 
thermocouple or thermistor) to monitor the 
temperature to the nearesl l°C at the sensor 
location when initial readings are taken. 

Appmpriate solvent(s) and strain gauge adhesive(s) 
for the rock conditions. Strain gauges must remain 

MAIN BODY 
UNIT 

ROSETTE PLUG 

’ / /” 
DERATURE COMPENSATING .,., ^...^_ - 

/ 
“;‘b-” 

-;-I 8’ PLUGGED INTO EODY UNIT 

FIG;. 3 EXPLODED VIEW OF WE CSIR TRIAXWL STRAIN CELL 
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securely bonded to the rock throughout the 
drilling and lneasuring phases for the results to 
be considered valid. 

All strain gauges should be properly calibrated 
before use. 

5 PROCEDURE 

5.1 Drilling 

5.1.1 A hole, approximately 90 nun dia, should be 
drilled into the rock nlass to the point where the stress 
in the rock is to be nirasured, as shown in Fig. 4a. The 
hold should be drilled as straight and as accurately as 
possible by using a long core barrel (minimuni length 
1.5 m) and the cores should be recovered and fully 
logged. The hole should be generally drilled front 
underground at slightly above the horizontal to facilitate 
drainage of all drill and other water front the point of 
installation of the cell. 

IS 13946 ( Part 3 ) : 1994 

5.1.2 The end of the hole shall be flattened with the 
facing bit. 

5.1.3 A 450 nun long pilot hole shall be drilled into 
the end of, and concentric with, the 90 nnn drillhole 
(Fig. 4b). 

5.1.4 If the core obtained frotn drilling the pilot hole 
is in one piece and is free from planes of weakness, the 
nieasurenient can be carried out. The pilot hole core 
shall be carefully lnarked for identification later. If the 
core is broken, the 90 nun drillhole should be drilled 
about 0.5 m deeper and the steps described in 5.1.1, 
5.1.2 and 5.1.3repeated until a position is found where 
solid unbroken core can be obtained. Intervals with 
fractured pilot hole core should be exaniined with a 
drillhole periscope or TV canlcra to determine the 
extent and severity of fracturing, before rejecting a 
potenlial test zone. 

MEASUREMENTS MADE TO DATE 
IN DRILLHOLE UP TO 20 m LON6 
BUT THIS IS NOT LIMITED 

INSTALLING 
RODS 

STANDARD PILOT HOLE 

COUPLING 
UNIT INSTALLING 

\ ,TOOL TRIAXIAL _-. 

To CONTROL 80X 

PLUG 

FIG. 4 ILLUSTRATION OF THE USE OF m CSIR TRIAXIAL STRAIN CELL 
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5.2 Installation 

5.2.1 The pilot hole shall be flushed clean with water 
through a hose or hollow drill rods. After washing, the 
part of the drillhole where the strain cell is to be 
cemented is dried (that is, with solvent) and sprayed 
with a primer suitable for the adhesive to be used. 

52.2 The strain cell shall be plugged into the installing 
tool which is comrected by means of a multi-core cable 
to a strain bridge. The rosette gauges shall be carefully 
cleaned with a solvent, and a check made to ensure that 
all gauges are in working condition and that a balance 
on the bridge may be obtained. 

5.2.3 The operation of the strain cell shall be checked 
by rotating the tool to make sure that the orienting 
device is in order and, by determining if all three 
gauges are pushed out, when the appropriate controls 
are activated. 

5.2.4 A 2- to 3-mm thick layer of adhesive shall be 
smeare,d on the surface of each rosette gauge. 

5.2.5 The installing tool, with the strain cell plugged 
into it, shall be pushed up the large diameter drillhole 
and into the pilot hole by means of installing rods. 
Once ‘insided the pilot hole, the strain cell shall be 
oriented by rotating the rods, and the gauges then be 
pushed into contact with the sidewalls of the hole. 
Pressure on the gauges shall be maintained for sufficient 
time to allow full setting of the adhesive. 

5.3 Measurements and Overcoring 

5.3.1 Initial strain readings shall be taken; the installing 
tool shall be removed from the hole; and the pilot hole 
shall be sealed by means of the drillhole plug. 

5.3.2 When taking readings, a balance oneach gauge 
should be made twice and the average of the two 
readings should be used in the calculations. At least 
two complete rounds of readings should be taken. A 
typical field data sheet is given in Annex A. 

5.3.3 The strain cell shall then be overcored and the 
core containing the cell shall be removed from the 
hole. This will relieve the stresses in the rock to which 
the strain gauge rosettes shall be attached. Further 
rounds of readings shall be taken to determine a stable 
level of post-overcore strain for each strain gauge. 

5.3.4 Measurements at greater depth may then be 
made as required by extending the large diameter 
drillhole and repeating the operations in para- 
graphs 5.1.2 to 5.3.3. 

6 CALCULATIONS 

6.1 Strain relief values shall be computed by subtracting 
average readings before and after overcoring. 

6.2 The reference systemused in ‘this method’ has the 
z-axis along the drillhole axis (positive in the direction 
of drilling) and the x- and y- axis perpendicular to the 
z-axis to form a right-handed system. 

6.3 The position of a strain gauge within a rosette on 
the wall of the drillhole is identified by its azimuth 
from the axis (positive counterclockwise as viewed 
from the axis of the drillhole) ( see Fig. 1 ). 

6.4 The following equation shall be used to relate the 
measured strains to the components of the stress tensor, 
a,, (JY’ 9, r.& rxZr ryz in cases where the rock is 
reasonably isotroprc. 

E = qtn% + %A + %A + 4z%z+ ‘%L + AxY%Y 

The A-coefficients are as follows: 

l-v ltv 
Axx = 2E - 2E [Cos20, - (1 - v”) x (1 - Cos20) Cos20] 

AYY = 2F l-y+ l+ [CoQo, - (1 - v”) x (1 - Cos20) CORB] 

l-v ltv 
A, =2E + ---& 

1 1 cos2.0 

2(1 + v) 
AK2 =E Sin (2wc0se) 

A 
- 2(1 t v) 

XZ 
= - Sin (20Sine) 

E 

AxY= -F2)(1 - COS~W) Sin28 
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where or and 8 are defined in Fig. 1 and 2, E is the 
Young’s modulus and v is the Poisson’s ratio of the 
rock. These values are normally obtained by laboratory 
testing of specimens taken from the cores. Alternatively, 
the elastic constants can be obtained from a biaxial or 
triaxial test of core containing the strain cell. 

6.5 Tensor components, uX, cry, a,, t , t =.and zzX 
which best fit the measured data, arexYobiamed by 
means of a least squares fitting procedure. 

6.6 Principal stresses, or, c7 and crj with their direction 
cosines shall then be ca culated from the tensor i 
components of best fit by means of elasticity equations, 
usually with the aid of a computer. 

6.7 In case, where there is any indication that rock is 
significantly an isotropic, an alternative data reduction 
method shall be considered. 

7 REPORTING OF RESULTS 

7.1 General Information 

The report should include the following general 
information: 

a) The locations, directions and length of drillholes. 

b) A geotechnical log of core from each drillhole 
showing the depths of measurement, with 
particular attention given to geological and 

c> 
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structural characteristics of the rock at locations 
of stress determination. 

A description, illustrated with diagrams and 
photographs, of the procedure and equipment 
used. 

7.2 Detailed Infomation 

The report shall include the following detailed depth 
information for each location of measurement: 

a> 

b) 

C> 

4 

e> 

A tabulation of orientation and strain relief 
readings for each gauge. 

The Young’s modulus and Poisson’s ratio values 
used in the calculations and an account of how 
these were determined. 

The six computed components of the strain 
relief tensor at that ocation to the nearest 
0.1 MPa. 

Standard deviation and error estimates for the 
regression calculations described in 6.5. 

Computed principal stress magnitudes and 
directions referred both to the drillhole axis 
system (see 6.2 and 6.3) and to the global axis 
for the project. 

Test results showing substantial discrepancies 
with other data and giving possible or probable 
explanations of the causes. 

  
  

 



IS 13946 ( Part 3 ) : 1994 

ANNEXA 

( Clause 5.3.2) 

STRESS MEASUREMENT - OVERCORING RESULTS 

Mine Location Date 

Hole data No. Rock temp 

Test No. Drill water temp 

Hole bearing Collar cords E 

Hole dip (five up) N 

Ex hole length 

Cell C/L position 

Cell Data : Cell No. Hl 

Depth to Ex collar 

Overcore diameter 

Gauge factor 

Setting date Time 

Overcore date Time 

h 

h 

Channel No. 

Wire Colour 

Remarks 

Initial 
Reading 

5 Minutes 
Drilling 
water 

10 Minutes 
Drilling 
water 

Commencement 
of drilling cm 

cm 

5 minutes 
after over 
core complete cm 

10 minutes 
after over 
core complete cm 

Final strain 
changes for 
data reduction 

l- 
GREEN, BROWN = Common Leads 

GAUGE OUTPUT (MICROSTRAIN) 1 
1 

Black 

A(q) 

2 

Orange 

A(circ) 

: I 

I 

3 

%rrple 

4(45O) I 

- 

4 

Blue 

B(4S0: 

5 6 7 

White Yellow Red 

B(135O: B(circ) C(ax) 

- 

8 9 

Grey Blue 

C(circ) C(450) 
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ANNEXB 

( Foreword ) 

COMMITTEE COMPOSITION 

Rock Mechanics Sectimal Committee, CED 48 

ChUiMlUll RepX#ltiitg 

DR BHAWANI SINGH University of Roorkee, Roorkee 

SHRI P. K. JAIN ( Altermte to 
Dr. Bhawan Singh) 

ASSISTANT RESEARCH OFFICER 
DR R. L. CHAUHAN 
CHIEF ENGINEER (R&D) 

DIRECTOR (ENGG) ( Alterrmte ) 
SHRI DADESHWAR GANGADHAR DHAYAGUDE 

SARI PRAKASH MADHLIKAR JOSHI ( Akrnnfe ) 
DR A. K. DLIBE 

SHRI A. K. SONI ( Altenznte ‘) 

SHRI A. GOSH 
DRG. S. M~HROTRA( Alrernnre) 

DR S. GANT~OPAD~AY 

SHRI S. K. M~IKHERIEE ( Alternate) 

DR M. R. GO\~AL 
SHRI KARMVIR (Alterma ) 

SHRI B. M. RAMA GOWDA 
DIR~C-~OR ( A Iterrmte ) 

DR UDAY V. KLILKARNI 

DR R. P. KULKARNI 

MFMBER~ECRETAR~ 

DIRECTOR (C) ( Altertmtr: ) 

DR M. V. NAC~ENDKA 

SHRID. N. NAREX~ (Alterm&) 

SIIRI M. D. NAIR 

PROP T. S. NAGARN ( Alterrrrrte ) 

SHKI D. M. PANCHOLI 
DR U. D. DX~IR ( Alternate ) 

UK Y. V. RAMANA 
PRonT. ~MAMUR~~ 

DR G. V. RAO ( Alter~te ) 

SHRI C. B. LAKSHMANA RAO 
SHRI A. K. RAhlAKRISHNA ( Alterrmte) 

DR V. M. SIIARMA 
SHKI A. K. DI~AWAN (Alternate ) 

MAJ S. K. SII/\RMA 
CAPTS. P. S. Kotnt( Akernafe) 

SHRI D. S. TOL~A 
SHRI P. J. RAO (Altrr7mte ) 

SHRI J. VENKATRAI\IAN, 

Director (Civ Engg) 

Irrigation Deptt, Govt of UP 
Himachal Pradesh State Electricity Board, Shimla 
Irrigation Deptt, Haryana 

Asia Foundations & Constructions Ltd, Bombay 

Central Mining Research Station (CSIR). Roorkee 

Central Building Research Institute (CSIR), Roorkee 

Geological Survey of India 

Irrigation & Power Deptt, Chandigarh 

Central Water C Power Research Station, Pune 

Hindustan Construction Co Ltd, Bombay 
Irrigation Deptt. Maharashtra 
Central Board of Irrigation & Power, New Delhi 

National Thermal Power Corporation Ltd. New Delhi 

Associated Instrument Mfrs (I) Pvt Ltd, New Delhi 

Irrigation Deptt, Govt of Gujarat 

National Geophysical Research Institute, Hyderabad 
Indian Institute of Technology, New Delhi 

Karnataka Engineering Research Station. Karnataka 

Central Soil & Materials Research Station, New Delhi 

Engineer-in-Chief’s Branch, New Delhi 

Central Road Research Institute. New Delhi 

Director General, BIS (&-officio Member ) 

Secretaries 

SHRI J. K. PRASAD 
Joint Director (Civ Engg), BIS 

SIIRIMATI NEETA SHARMA 
Deputy Director (Civ Engg), BIS 
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( Confirrued from page 7 ) 

Field Testing of Rock Mass and Rock Mass Classification Subcommittee, CED 48 : 1 

Colrvener Representing 

SHRI U. S. F&JVANSHI U.P Irrigation Research Institute, Roorkee 

PROF K. B. AGARWAL 

CHIEF ENGINEER/R-CUM DIRECTOR 

RESEARCH OFFICER ( A/tern&z j 
DR A. K. DUBE 

PROF A. I;. GHOSE 

PROF V. D. CHOUBEY ( A Itermte ) 
SHRI B. M. RANE C;OWDE 

SHRI V. K. MEHROTIM 

SHRI G. S. MEHROTRA 

SHRI U. N. SINHA ( Altermte ) 
SHRI D. M. PANCHOLI 

SHRI U. D. DATIR ( Altemnte ) 
DR G. V. RAO 

DR K K. GUPTA ( Akenmte ) 
RESEARCH OFFICER (SR&P DWISION) 

SRRI B. K. SHARMA 

DR V. M. SHARMA 

DR R. B. SIKH ( Alterrrnfa ) 
SIIRI VITTALRAM 

University of Roorkee, Roorkee 
Government of Punjah, Department of Irrigation and Power 

Central Mining Research Station (CSIR). Dhanhad 
Indian School of Mines, Dhanhad 

Central Water and Power Research Station, Pune 
U.P Irrigation Research Institute, Roorkee 
Central Building Research Institute (CSIR). Roorkee 

Irrigation Department. Central Designs Organization, Gandhi Nagar 

InLian Institute of Technology 

Maharashtra Engineering Research Institute, Nasik 
National Hydroelectric Power Corporatian Ltd, New Delhi 
Central Soil and Materials Research Station, New Delhi 

Government of Iiaryana, Department of Irrigation 
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